We studied spatial changes in species composition (i.e., beta diversity) of local assemblages of birds along ~450 km of the Middle Paraná River, an extensive fluvial system of South America. Point counts were used to survey birds at 60 plots located in shrub swamps and marshes of the floodplain within four sites (15 plots per site). Two sites were surrounded by each of the two upland ecoregions. Beta diversity of bird assemblages was high and was more important than alpha diversity in shaping regional diversity (i.e., gamma diversity) of the fluvial system. Compositional changes were related to species turnover among plots, while nestedness dissimilarity was not important for shaping diversity patterns. Variation-partitioning analysis showed that local conditions (i.e., landscape composition within a radius of 200 m from the center of each plot) accounted for more spatial variation in assemblage composition than did location along the fluvial system. Adjacent upland ecoregions did not account for spatial changes in bird composition within the fluvial system. In conclusion, environmental heterogeneity created by flood pulses is an important factor for sustaining regional diversity of birds within the fluvial system through effects on beta diversity.
Introduction
River-floodplain systems are among the most complex and biologically diverse ones which play an important role in maintaining biodiversity by providing an extraordinary array of habitats (Naiman et al. 2005 , Miller et al. 2004 ). However, the high degree of degradation of many fluvial systems, combined with the need for appropriate management strategies (Tockner et al. 2010) , has made it crucial to understand what factors create and maintain the high biodiversity of these systems.
Ecologists have spent considerable effort attempting to distinguish among different components of species diversity in order to properly analyze and understand spatial variation in diversity (Amori et al. 2010) . Initially, Whittaker (1960) used the term "gamma diversity" to refer to the full diversity of a given area (e.g., regional diversity) and partitioned it into two components: alpha, the diversity of species at individual sites; and beta, a measure of variability in species composition from one site to another. Since this partition was proposed, further improvements have been suggested (e.g., Baselga 2010) . In this context, it is important to consider these different components of diversity because they may influence regional diversity in different ways and because they may involve different management and conservation strategies (Baselga 2010) .
Species composition of a local community reflects environmental traits of the site (i.e., local conditions) as well as characteristics of the region (i.e., regional factors) in which it is currently situated (Chase and Myers 2011) . Many ecological studies that have focused only on local environmental features and processes have underestimated the contribution of regional-scale processes to beta diversity among local assemblages (Ricklefs 1987) . In part this has been because most studies of local assemblages have been conducted at local scales and have not considered environmental gradients at a regional scale (Lessard et al. 2011) .
When studying the causes of spatial variation in community composition, the spatial structure of ecological data may act as a synthetic variable for the underlying processes that Local conditions vs regional context: variation in composition of bird communities along the Middle Paraná River, an extensive river-floodplain system of South America
In extensive fluvial corridors, geographic position of local communities can reflect regional influences along both longitudinal and lateral dimensions. Regional influences can be related to environmental gradients along the fluvial system and/or longitudinal or lateral dispersal processes (i.e., dispersal of organisms along the corridor and from adjacent uplands; Demars and Harper 2005, Renöfält et al. 2005) . Recent attention has focused on the degree to which upland habitats contribute organisms to riparian ecosystems (Renöfält et al. 2005) and it has been suggested that regional classifications (e.g., ecoregions) of surrounding uplands may drive diversity patterns of the adjacent riparian biota (Heino et al. 2002) . Despite this, most studies on spatial changes of communities in river systems have focused on the effect of local environmental conditions regardless of whether or not those local conditions change along the regional extent of these river systems (Demars and Harper 2005) . Thus, the relative influence of different groups of factors (i.e., local environmental conditions, spatial structure of environmental conditions, and regional processes independent of local environmental conditions, such as dispersal) on assemblage composition is still poorly understood because few studies have included these different factors simultaneously .
Most of the bird studies conducted in riparian landscapes have assessed the influence of local environmental conditions or dispersal processes on community composition, but without assessing the importance of these factors simultaneously. Thus, several studies have shown that composition of bird assemblages in fluvial corridors is related to local environmental conditions (e.g., Godinho et al. 2010 , Henden et al. 2013 , presumably because of the pronounced environmental heterogeneity of these systems (Naiman et al. 2005) . Regionally, bird species are widely dispersed along riparian corridors (da Silva 1996 , Nores et al. 2005 and from adjacent uplands (Sullivan et al. 2007 , Perry et al. 2011 . Thus, whereas bird assemblage composition can be strongly influenced by local environmental conditions (i.e., niche-based processes), the regional position along extensive fluvial systems could also be important because composition may reflect influences of dispersal processes that occur at a regional scale.
The Middle Paraná River represents an extensive floodplain-river system that forms a north-south riparian corridor of ~600 kilometers (Nestler et al. 2007 , Iriondo et al. 2007 ). Along its route, the middle Paraná riparian corridor traverses a climatic gradient and two major upland ecoregions. Here, we 1) assessed the relative importance of alpha and beta diversity to shape the regional species pool of the system; 2) described spatial patterns in beta diversity (species turnover and nestedness dissimilarity) among local assemblages; 3) tested the relative importance of some local environmental conditions (i.e., landscape composition) and regional position (i.e.., geographic coordinates) with respect to spatial changes in composition of local assemblages along the regional extension of this riparian system; and 4) assessed if adjacent upland ecoregions can account for compositional changes of bird assemblages within the fluvial system. Because of the large regional extent of the river system, which traverses a climatic gradient and two different upland ecoregions, we predicted that the spatial position of bird assemblages along the riparian corridor would be more important than the local environmental conditions (i.e., landscape composition) in accounting for the beta diversity of the bird assemblages. More precisely, we predicted that beta diversity should reach its highest values when comparing bird assemblages between those parts of the river system that are surrounded by different upland ecoregions. This prediction is based on the observation that such upland systems can be good predictors of change in the species composition of riparian biota (Heino et al. 2002) .
Materials and methods

Study system
Our study system includes the middle section of the Paraná River (Fig. 1 ). This corridor begins at the confluence of the Paraguay and Paraná rivers (27º 17´S -58º 38´W), and extends ~600 km to the beginning of the Paraná River Delta (32º 04´S -60º 38´W; Nestler et al. 2007 ). This part of the river is included in the Paraná Flooded Savanna ecoregion (Olson et al. 2001) , since it has a well-developed floodplain composed of streams and seasonally flooded islands. Islands show a topographic gradient from the highest sectors that are dominated by woods to lower areas dominated by shrubs, herbaceous plants and open water (Sabattini and Lallana 2007) . The environments in which we conducted our studies included shrub swamps and marshes. These environments are dominated by shrubs and herbaceous plants that can tolerate hydric soils due to permanent (water bodies) or periodic (intermediate areas) presence of water, which varies with topographic height and the influence of the hydrological pulse (Sabattini and Lallana 2007) . Water bodies and their edges are dominated by herbaceous plants (e.g., Panicum elephantipes, Sagittaria montevidensis) and shrubs (e.g., Solanum glaucophyllum, Sesbania virgata). Various floating plants (e.g., Eichhornia spp., Pistia stratiotes and Salvinia spp.) were present in more open water areas. Intermediate areas were dominated by Panicum prionitis. Scattered woody individuals of such species as Acacia caven, Sapium haematospermun and Albizia inundata were also present.
The climate is subtropical-humid in the northern parts, where average annual temperature is 21ºC and annual rainfall is 1100 mm (Cáceres 1980) , shifting to temperate-humid in the south (Iriondo et al. 2007) , where mean annual temperatures are around 19ºC and average annual rainfall is 900 mm (Rojas and Saluso 1987) . Along its route, Middle Paraná River traverses mainly the Humid Chaco and Espinal ecoregions that differ in climate, soil type, flora and physiognomy of vegetation (Olson et al. 2001 , Fig. 1 ). The Humid Chaco ecoregion is dominated by xerophytic semi-deciduous forests; palm groves, savannas and halophytic steppes also occur in this region (Cabrera 1994) . The Espinal ecoregion is dominated by xerophytic forests that are similar to those in the Humid Chaco ecoregion but which are lower and without any Schinopsis species. The Espinal ecoregion is transitional between the Chaco and Humid Pampas ecoregions where grasslands begin to replace woody vegetation. Both the Humid Chaco and the Espinal ecoregions have been extensively modified for agriculture and livestock.
Sampling design
We sampled birds in four sites (A, B, C and D) located along ~450 km of the Middle Paraná River (Fig. 1 ). Sites were located along the sides (relative to the course of Paraná River) of the floodplain. Sites A and B were in that part of the riparian corridor surrounded by the Humid Chaco ecoregion; sites C and D were surrounded by the Espinal ecoregion.
Within each site, we sampled 15 plots. Plot distribution was determined using the regular sampling method (Gregory et al. 2004 ). Plots were located along waterways to ensure accessibility under the different hydrological conditions of the river. Navigable waterways located predominantly in a northsouth direction were previously selected to represent the side of the floodplain within each site. The location of the first plot in each site was determined by the availability of boat ramps and navigable rivers as we required motorboats to move from plot to plot. However, bird counts were conducted on terra firme. The first plot was selected arbitrarily at the same latitude as that of boat ramps at each site on the bank of selected waterways for logistical considerations. From that first plot, we separated the remaining plots by 800 meters along the river in a predominantly north-south direction. When there was no accessible location at which to establish a plot (e.g., where stream banks were covered with dense riparian forests), we increased the distances between plots until suitable areas were encountered.
Bird data collection
The birds in each of the 60 plots were sampled by a multiple-visits fixed-radius point-count technique (i.e., one point count per plot; Ralph et al., 1993) , which has been shown to be an effective method for sampling birds in riparian areas (Dobkin and Rich 1998) . Each point was sampled approximately every 45 days during 2011-2013, for a total of 16 samples per point (i.e., two counts per season, four seasons per year, two years). All birds seen and heard within a radius of 100 meters from each point were recorded during 10 min (Gregory et al. 2004 ). We used a relatively large radius because counts were conducted in open areas with good visibility (Savard and Hooper 1995) . We used range-finders for distance determinations. Probabilities of detecting species could vary among point counts, depending on habitat, time of day, and other factors (e.g., observer). To help reduce variation in detectability, bird counts began at sunrise and continued for 4 hours, a period of greater stability in terms of detecting birds (Robbins 1981) . Further, we alternated (northwards versus southwards) the order in which points were sampled to reduce possible effects of time of day (Verner and Milne 1989) . Also, we selected only shrub swamps and marshes, so visibility was good in all cases. Moreover, we repeated the surveys (16 visits per point), increasing the probability of detecting species present at a given point (presence was defined as the detection of the species in at least one of 16 visits to each site, relative abundances were averaged among the 16 visits per point in data analysis, Gu and Swihart 2004) . All ccounts were performed by the same observer who was familiar with the regional avifauna.
Measures of local conditions
Topographic relief within floodplains produces different patterns of connectivity that vary with river pulses and water depth, producing a shifting mosaic of environmentally diverse patches with distinct physiognomies (Ward et al. 1999) . Consequently, we used primarily physiognomic criteria to classify these patches by vegetation type or other types of land cover when vegetation was absent. Land-cover types considered were: (1) open water, (2) floating macrophytes (e.g., Eichhornia spp., Pistia stratiotes and Salvinia spp., (3) emergent macrophytes (e.g., Panicum elephantipes, Sagittaria montevidensis), (4) shrublands, (5) grazed pastures, (6) beach, (7) grasslands, dominated by Panicum prionitis, and (8) trees. The proportion of area covered by each land-cover type within 200-m radius (we used range-finders to determine this distance) of each plot was estimated through direct field observations during each visit (i.e., 16 times). Beyond 200 meters, the presence of riparian forests interrupts the continuity of shrub swamps and marshes at many sites. We estimated only proportion of area and not actual area because we considered that this level of precision was sufficient for our objectives (i.e., is unlikely that small differences in the size of habitat patches are associated with changes in the presence and/or abundance of birds). Relative areas of each land-cover type were averaged among the 16 visits per site in data analysis.
Data analyses
We assessed the relative importance of alpha (i.e., species richness per plot) and beta diversity (i.e., compositional changes among plots) in shaping regional diversity (i.e., gamma diversity) through an additive model (i.e., gamma diversity = alpha diversity + beta diversity; Lande 1996) . In an additive framework, beta diversity represents the absolute magnitude of diversity ''increment'' or ''excess'' between a local scale and a regional scale (Chao et al. 2012) . Thus, additive partitions of diversity decompose gamma diversity into alpha and beta components that can be compared because they are expressed in the same units (species richness in our study; Crist et al. 2003) . We used R, version 3.2.0 (R Core Team 2015) and package vegan, version 2.3-0 (Oksanen 2011) for the calculation of diversity partition.
We calculated the total multiple-plot dissimilarity, derived from the pairwise Sørensen coefficient of dissimilarity, among the 60 plots (point count locations) along the fluvial system and, separately, among the 15 plots for each site. Sørensen coefficient is based on species occurrences and ranges from 0 to 1; 0 indicates that assemblages are identical and 1 that they differ totally. Sørensen index was decomposed into components of species turnover (i.e., substitution of species between plots) and nestedness (i.e., elimination or addition of species between plots; Baselga 2010). We used R (R Core Team 2015) and package betapart, version 1.3 (Baselga and Orme 2012) for the calculation of these dissimilarity índices.
We used variation-partitioning analysis (Borcard et al. 1992) performed by vegan packages (varpart function) in R (R Core Team 2015). This allowed us to partition variation in assemblage composition (average of relative abundances among the 16 repeated surveys) per plot with respect to local environment variables (i.e., average of area proportion of each land cover among the 16 repeated surveys), spatial coordinates (i.e., position along the fluvial extension) and their combination. This analysis uses adjusted R-squared to control for number of variables in each set of predictors (PeresNeto et al. 2006 ) in redundancy analysis ordination (RDA). Significance of the overall RDA model and of individual fractions (i.e., effects of non-spatial environmental variables and spatial variables that are not shared by environmental variables) were evaluated by permutation tests. Prior to the analysis, relative abundances in bird composition data were transformed using Hellinger distance (Legendre and Legendre 1998) . For the spatial matrix, we used a third-degree polynomial of the geographic coordinates, which allowed a representation of the geographic variation of species abundances by a cubic trend-surface of latitude and longitude (Legendre and Legendre 1998) . This ensures the detection of more complex spatial features in the species data set than that provided by linear gradient patterns alone (Borcard et al. 1992 ).
We used nested (sites nested within upland ecoregions) permutational multivariate analysis of variance (PERMANOVA) to test for differences in composition per plot among sites (random and nested factor) and between upland ecoregions (main factor). Bray-Curtis index was used as dissimilarity measure of bird composition (i.e., average of relative abundances among the 16 repeated surveys) among plots. This analysis was performed through R (R Core Team 2015) using BiodiversityR package version 2.3-5 (Kindt and Coe 2005) .
Results
A total of 12,738 records representing 162 bird species (Appendix) were recorded across the 60 plots and the 16 visits per plot. At each plot, we registered a mean ± SE of 37.3 ± 0.9 species (i.e., average per plot of the accumulated number of species across the 16 visits) and 212.3 ± 14.2 records (i.e., average per plot of the total number of records summed across the 16 visits). The most frequent species among 60 plots were Pitangus sulphurathus (recorded at 98% of plots), Jacana jacana (98%), Paroaria capitata (93%), Agelasticus cyanopus (88%), Hymenops perspicillatus (87%), Zonotrichia capensis (83%), Furnarius rufus (80%) and Vanellus chilensis (80%).
Regional richness of the fluvial system (162 species) was shaped mainly by beta diversity among local assemblages (77%; Fig. 2 ). Similar patterns, with gamma diversity shaped mainly by beta diversity (64-67%), were found at each site (Fig. 2) .
Plots along the fluvial system showed high overall beta diversity (Table 1 ). This overall beta diversity was mostly a result of high species turnover rather than nestedness among plots ( Table 1) . Patterns of beta diversity were similar at each site, with high species turnover among plots (Table 1) .
Environmental and spatial matrices accounted for 30% of variation in bird composition along the fluvial system (RDA: adjusted-R 2 = 0.30; F = 2.75; P = 0.001). Total variation accounted for by the RDA model consisted of: (a) non-spatial environmental variation (11%); (b) spatially-structured environmental variation (10%); and (c) spatial variation of the species assemblages that was not shared by environmental variables (9%; Fig. 3 ). Environmental matrix (i.e., environment alone and spatial structure of environmental variables) accounted for a higher proportion of variation in species composition (RDA: Adjusted R 2 = 0.21; F = 2.78; P = 0.001) than did spatial variables alone (RDA: adjusted R 2 = 0.09; F = 2.13; P = 0.001).
Assemblage composition was different among sites (nested PERMANOVA: P < 0.001) but did not differ between upland ecoregions (nested PERMANOVA: P = 0.35).
Discussion
The spatial heterogeneity within floodplain systems is often invoked to explain the high number of species present in fluvial environments (Ward et al. 1999 , Naiman et al. 2005 but few studies have evaluated this relationship. Results of this study showed that bird species turnover is high, even at a local scale, and that local environmental conditions (i.e., landscape composition) explained more of this pattern than did the location of the assemblages along the regional extension of the fluvial system. Nestedness dissimilarity was not as important as might have been expected if a latitudinal gradient in species richness (i.e., loss of species to the south) was present along the regional extension of the system. Thus, the regional bird richness of the river corridor was primarily influenced by species turnover within the system. High productivity and environmental heterogeneity at local scales can make alpha diversity (i.e., species richness of individual plots) important in shaping regional diversity in fluvial systems (Ward et al. 1999 , Naiman et al. 2005 . In addition, because we sampled each plot 16 times during the course of two years, we likely were able to record all the species that might occur at each of the 60 plots, increasing species richness per plot which can, in turn, reduce turnover in species composition ). However, results showed that beta diversity (i.e., changes of species composition among plots) was more important for shaping regional diversity in the Middle Paraná fluvial system. Similarly, other studies have shown a high spatial turnover of bird species in wetlands (e.g., Guadagnin et al. 2005 , Ma et al. 2007 ).
For conservation purposes, the distinction between species turnover and nestedness is important because the two components of diversity require antithetic conservation strategies (Baselga 2010) . Our results showed that differences in bird composition among plots were mainly due to species Table 1 . Decomposition of overall beta diversity (multiple-plot dissimilarities based on Sørensen index) in species turnover and nestedness components among the 15 plots at each site and among the 60 plots along the fluvial system. turnover along the fluvial system. It indicates that conservation efforts should consider the Middle Paraná River as an integral unit because individual plots are poorly representative of the bird diversity of the region as a whole.
Local conditions accounted for an important proportion (21%) of the changes in composition among plots. This could be attributed to niche-based community processes, with species differing in their ability to exist under different environmental conditions (Soininen et al. 2007 ). We used land-cover composition within plots as indicators of local conditions. It can be a good indicator of habitat availability for birds as different wetland species are associated with different land covers (Ronchi-Virgolini et al. 2008 ) and because individual species could select plots with specific landscape composition (e.g., Riffell et al. 2001 ).
Geographic position along extensive riparian corridors can reflect regional influences of both longitudinal (e.g., dispersion of organisms along the corridor) or lateral (dispersal from adjacent uplands) processes (Renöfält et al. 2005 ). Both processes shape the regional species pool in a given geographical position of the river corridor (e.g., sites in this study). Our study included a relatively large regional scale that covered a climatic gradient and in which sections of the fluvial system were surrounded by two different upland ecoregions. Moreover, spatial autocorrelation may help explain some of the variation in the composition of bird communities in this study because we used a nested design (i.e., the nearest plots within sites may be more similar to each other due to a higher probability of dispersal of species between them). These characteristics of the study area might suggest that the regional position of bird assemblages could be an important influence on spatial changes in bird composition. However, results showed that local conditions were more important in accounting for spatial changes in bird composition along the fluvial system. Spatial position was, however, an important component of spatial changes in bird composition. Previous studies have shown that changes in composition of riparian biota can be predicted through regional classifications (e.g., ecoregions; Heino et al. 2002) . Spatial position, however, did not reflect effects of lateral upland ecoregions on bird assemblages of the fluvial system (e.g., lateral input of species from surrounding upland habitats) because upland ecoregions were not an important influence on spatial changes in bird composition within the fluvial system. This result suggests that changes in the composition of bird assemblages of fluvial wetlands occur regardless of the upland ecoregion adjacent to the riparian system. Bird assemblage composition was, nevertheless, different among the four sites along the fluvial system, indicating the importance of regional context (e.g., influence of the species pool) on spatial variation in species composition of local assemblages.
Bird studies in riparian corridors have shown that local conditions (e.g., Godinho et al. 2010 , Henden et al. 2013 and dispersal processes (Da Silva 1996 , Nores et al. 2005 are important influences on spatial variation in assemblage composition. Studies that simultaneously consider the influence of local conditions and spatial position on bird communities along regional extensions of fluvial systems are rare (e.g., Miller et al. 2004 , Godinho et al. 2010 ), yet represent an important step in understanding the relative influences of local-versus regional-scale variables on riparian assemblages. Our findings were similar to those of Miller et al. (2004) and Godinho et al. (2010) , who reported that local conditions were important influences on spatial changes in bird assemblages along riparian forests.
A high proportion of spatial variation in assemblage composition was not accounted for by landscape composition and/or spatial variables. Unaccounted variation likely reflects local effects of unmeasured (biotic or abiotic) environmental variables, spatial structures that have been missed because they require more complex functions to be described, to the fact that some species do not occupy all patches of suitable habitat ('unsaturation') and to stochastic fluctuations of the communities, such as chance colonization, random extinction and ecological drift (random changes in relative abundance of species; Borcard et al. 1992 , Titeux et al. 2004 , Chase and Myers 2011 . Nevertheless, it is not uncommon to observe a low percentage of explained variation in ecological studies, because species' abundance data often are very noisy (Titeux et al. 2004 , Godinho et al. 2010 ).
The widespread loss and degradation of floodplain habitats are pressing concerns in the conservation of avian diversity (Brawn et al. 2001) . Proper conservation and management of ecosystems requires that we understand the processes by which beta diversity is created and maintained (Legendre et al. 2005) . In this study, we showed that environmental heterogeneity created by the flood pulses along the fluvial system is an important factor to sustain bird regional diversity of the fluvial system through effects on beta diversity.
